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(57) Abstract: This invention discloses an improved process for the preparation of citalopram of the formula IB which comprises (i) 
preparing the compound of the formula VHI by reducing an unisolable magnesium salt of a benzophenone derivative of the formula V 
using sodium borohydride in the presence of a orotic solvent, (ii) reacting the compound of the formula VIII obtained in step (i) with 
an acid catalyst in a non-polar solvent to obtain a compound of the formula I, (iii) reacting the compound of the formula I obtained in 
step (ii) with copper (I) cyanide in a polar solvent medium and isolating the resulting cyano compound, by recrystallization by using 
polar and/or alcoholic solvents to obtain the compound of the formula H and (HI) reacting the resulting compound of the formula II 
by conventional methods to form citalopram of the formula m. Citalopram is widely used as an antidepressant 
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PROCESS FOR THE PREPARATION OF CITALOPRAM 



The present invention relates to an improved process for the preparation of 
5 citalopram. It is well known that citalopram is a good antidepressant which is 
widely used. The present invention also relates to an improved process for the 




II 



preparation of the intermediates of the formula I & II which are useful for the 
preparation of citalopram, a well known antidepressant. 

10 

The compounds of the Formulae-I & II are key intermediates used in the synthesis 
of known antidepressant drug l-(3-dimethylaminopropyl)-l-(4 l -fluorophenyl)- 
l,3-dihydroisobenzofiiran-5-carbonitrile (citalopram), of the Formula-Ill) and its 
pharmaceutical^ acceptable acid addition salts thereof. 

15 

The process for the preparation of antidepressant citalopram and its 
pharmaceutoical properties were first disclosed in DE Patent no. 2,657,013 (1977) 
corresponding to US Patent no. 4,136,193 (1979). Subsequently it was also 
disclosed in GB patent no. 1,526,33 1 (1978). 

20 

The basic process for the preparation of citalopram described in the above referred 
patents involves two major routes illustrated in Scheme-1 and Scheme-2. Major 
difference in these two routes is introduction of dimethylaminopropyl side chain at 
an early stage (Scheme-1) or at a later stage (Scheme- 2). 
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In the first route, 5-bromophthalide of the Formula-IV is reacted with p- 
fluorophenylmagnesium bromide to get a benzophenone derivative of the formula 
Formula-V. This benzophenone derivative is reacted with 3-N,N- 
dimethylaminopropylmagnesium chloride to get the dihydroxy intermediate of the 
5 Formula- VI. CycHzation with an acid catalyst resulted in the formation of 
phthalane derivative of the Formula- VII. This bromophthalane derivative is 
reacted with copper cyanide to get the citalopram base of the Formula III. 




F 

III 



SCHEME-1 
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In the second route, 5-bromophthalide of the formula-IV is reacted with p- 
fluorophenyl- magnesium bromide to get the corresponding benzophenone 
derivative of the Formula- V. This compound is reduced with lithium aluminium 
hydride to get the dihydroxy compound of the Formula- VIII, which is cyclized 
5 with an acid catalyst to get the phthalane derivative of the Fonnula-I. The bromo 
group is replaced with a cyano group and alkylated with the required side chain to 
get the citalopram base. 




SCHEME-2 



3 



WO 02/066453 




0711*02/00023 



Bogeso (EP patent no. 171,943, corresponding to US patent no.4,650,884) has 
indicated that the methods described in the above patents for the preparation of 
citalopram possess some problems in the scale-up to commercial production. 

5 In an attempt to develop a shorter route for the preparation of citalopram and to 
avoid the risk involved in the metalation step used previously, Bogeso started with 
5-cyanophthalide of the Fonnula-IX and surprisingly found that cyano group 
survived the cyclization step where 70% sulfuric acid was used at 80°C 
temperature (Scheme-3). 




F 

II 

SCHEME-3 



Further processes have been disclosed in international patent application nos. WO 
98/019511, WO 98/019512, WO 98/019513, WO 99/030548, WO 00/011926, WO 
00/013648, and WO 00/023431. International patent application no. WO 
98/019511 discloses a process for the manufacture of citalopram wherein a 

15 compound of the Formula-X was reduced with sodium borohydride to get a 
compound of the Formula-XIL However, yield is only 40% and large quantity 
(-50 times) of alcohol was used. This compound of the Formula-XH is subjected 
to ring closure and the resulting 5-substituted dihydroisobenzofuran derivative is 
converted to the corresponding 5-cyano derivative and alkylated with (3- 

20 dimethylamino) propyl halogenide to obtain citalopram. 
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WO 98/019512 and WO 98/019513 relate to methods wherein a 5-amino-, 5- 
carboxy- or 5-(sec-aminocarbonyl) phthalide is subjected to two successive 
Grignard reactions, ring closure and conversion of the resulting 1,3- 
5 dihydroisobenzofuran derivative to the corresponding 5-cyano compound, i.e. 
citalopranL 

International patent application no. 99/030548 discloses a process for the 
preparation of citalopram wherein cyano group was introduced from the 
10 corresponding 5-aldehyde analogue of citalopram. 

International patent application nos. WO 00/011926 and WO 00/013648 disclose 
an improved process for the preparation of citalopram wherein 5-halogen (CI or 
Br) analogue of citalopram is activated by using palladium or nickel complex 
1 5 catalyst to introduce the corresponding cyano group present in citalopram. 

International patent application no. WO 00/023431 discloses a process for 
introduction of cyano group present in citalopram via the corresponding 5- 
oxazolyl analogue of citalopram. 

20 

A major drawback in the scale up to commercial production of citalopram by 
following the original patent process (disclosed in US patent no.4,136,193) is 
removal of impurities present in citalopram to an acceptable level of 
pharmaceutical quality. Methods followed to improve the quality of citalopram are 
25 either by chemical purification (via acid addition salt where ever applicable) or by 
high vacuum distillation. Chemical method does not seem to remove the 
impurities up to the acceptable level because some of the impurities like 
compound of Formula- VI, Formula- VII or Formula-XIH have similar salt 
formation properties with an acid. 

30 



5 




All the intermediates involved in the original patent for the preparation of 
citalopram have very high boiling point (~200°C at < 0.1mm Hg) and are sensitive 
to overheating. This is also a major drawback in commercialising the process. 

5 

Second route of the original patent for the preparation of citalopram involves 
purification of intermediate compounds of the Formula I and II by high vacuum 
distillation (180-200?C at < 0.1mm Hg). This process is also practically difficult 
for a commercial production. Also, this route involves handling of a costly and 
10 hazardous reagent, lithium aluminium hydride. 

Third and simplified route (disclosed in EP Patent no. 171,943) for the preparation 
of citalopram involves the introduction of 5-cyano group present in citalopram at 
the beginning itself. This route also has major drawback of removal of impurities 
15 present in citalopram. Repeated reciystallization technique was described in 
making pharmaceutically acceptable quality citalopram. Also, there is a 
considerable loss if required product (citalopram) in this technique. 

All other international patents published between 1998 and 2000 are involving 
20 with various methods to introduce 5-cyano group from different functional groups. 
All these methods are focusing on new chemistry and are not adaptable for 
commercial production. 
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Citalopram has become a well known antidepressant drug that has now been on 
the market and has shown great promise as a valuable antidepressant drug with 
few side effects. Keeping in view of the difficulties in commercialization of the 
above mentioned processes for the preparation of citalopram, we aimed to 
5 develop a simple and economical process for commercial production of 
citalopram. 

We observed that a promising approach for such a process is to (a) improve the 
quality of one or more of the isolable intermediates by simple techniques (b) avoid 
10 costly and risky reagents like lithium aluminium hydride and (c) minimize the 
effluents like large quantity of phosphoric acid. 

Accordingly the main objective of the present invention is to provide an improved 
process for the preparation of citalopram of the formula III avoiding the formation 
15 of impurities. 

Another objective of the present invention is to provide an improved process for 
the preparation of citalopram with high yield (>90%) and high purity (>99%). 

20 Still another objective of the present invention is to provide an improved process 
for the preparation of citalopram of the formula III which is simple, economical 
and environmentally safe. 

Another objective of the present invention is to provide an inproved process for 
25 the preparation of the intermediates of the formulae I & II which are useful for the 
preparation of citalopram of the formula III. 

Yet another objective of the present invention is to provide an improved process 
for the preparation of intermediates of the formulae I & II which are useful for the 
30 preparation of citalopram avoiding the introduction of (3-dimethylamino)propyl 
side chain present in citalopram at an early stage. 

Still another objective of the present invention is to provide an improved process 
for the preparation of the intermediates of the formulae I & II which are useful for 
35 the preparation of citalopram employing a simple crystallization technique. 

Further objective of the present invention is to provide an improved process for 
the preparation of the formulae I & II which are useful for the preparation of 
citalopram by replacing the costly and hazardous lithium duminium hydride with 
40 simple sodium borohydride and with no involvement of additional steps. 

Another objective of the present invention is to provide an improved process for 
the preparation of the formulae I & II which are useful for the preparation of 
citalopram by replacing or reducing the acid catalyst used in the cyclization step 
45 of the synthesis. 
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Still another objective of the present invention is to provide an improved process 
for the preparation of the formulae I & II which are useful for the preparation of 
citalopram by simplifying the process by not involving additional step and 
avoiding large quantities of solvent (alcohol). 



The present invention has been developed based on our finding that if the (3- 
dimethylamino)propyl side chain present in citalopram is introduced at an early 
stage, it is difficult to remove the related impurities by conventional methods. 
Further if a simple crystallization technique for the formation of one or more of 
10 the isolable intermediates, it becomes easy to get citalopram with acceptable 
pharmaceutical quality. 

Accordingly the present invention provides an improved process for the 
preparation of citalopram of the formula HI 



which comprises 

(i) preparing the compound of the formula VIII by reducing an unisolable 
magnesium salt of a benzophenone derivative of the formula V. 



NC 




15 



20 
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using sodium borohydride in the presence of a protic solvent 

Br v 




F VIII 

(ii) reacting the compound of the formula VIII obtained in step(i) with an acid 
5 catalyst in a non-polar solvent to obtain the compound of the formula I 

Br 

6 

F ' 

(iii) reacting the compound of the formula I obtained in step (ii) with copper (I) 
cyanide in a polar solvent and isolating the resulting cyano compound, by 
recrystallization by using polar and or alcoholic solvents to obtain the compound 

10 of the formula II and 

(iv) reacting the resulting compound of the formula II by conventional methods 
to form citalopram of the formula III 

15 The conversion of the compound of the formula II into compound of the formula 
III may be effected by reacting the compound of the formula II with a strong base 
such as NaH, *BuOK, in a polar solvent such as DMSO, followed by quenching 
the anion with N,N-dimethylaminopropyl chloride to get citalopram of 

formula III. 

20 
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According to a feature of the present invention there is provided an improved 
process for the preparation of the compound of the formula VIII. 




which is useful for the preparation of citalopram of the formula HI 

NC 




which comprises 

(i) reducing an unisolable magnesium salt of a benzophenone derivative of the 
formula V. 




10 



WO 02/066453 




'CT/IN02/00023 



using sodium borohydride in the presence of a protic solvent 



Br. 




VIII 



5 The above process of preparing the compound of the formula VIII has been made 

the subject matter of our co-pending application no which is divided 

out of this application. 

According to another embodiment of the present invention there is provided an 
10 improved process for the preparation of intermediate of formula II which is useful 
for the preparation of citalopram which comprises 

(i) reducing an unisolable magnesium salt of a benzophenone derivative of the 
formula V 




using sodium borohydride in the presence of a protic solvent to obtain a compound 
of the formula VIII 
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VIII 



(ii) reacting the compound of the formula VIII obtained in step(i) with an acid 
catalyst in a non-polar solvent to obtain a compound of the formula I 



B] 




(ii) reacting the compound of the formula I obtained in step (ii) with copper (I) 
cyanide in a polar solvent medium and isolating the resulting cyano compound, 
by reaystallization by using polar and or alcoholic solvents to obtain the 
compound of the formula II . 

This process has been made the subject matter for our another co-pending 
application no which is divided out of this application. 
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According to yet another embodiment of the present invention there is provided an 
improved process for the preparation of an intermediate of the formula I 




useful for the preparation of citalopram of the formula m which comprises 

(i) preparing the compound of the formula VIII by reducing an unisolable 
magnesium salt of a benzophenone derivative of the formula V 




10 using sodium borohydride in the presence of a protic solvent and 

Br v 
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(ii) reacting the compound of the formula VIII obtained in step® with an acid 
catalyst in a non-polar solvent to obtain a compound of the formula I 




The process of preparing the compound of the formula I has been made the subject 

matter of yet another co-pending application for patent no which is 

5 also divided out of this application. 

The reduction in step (i) may be effected at a temperature in the range of -20°C to 
25°C preferably at a temperature in the range of 0°C to 10°C. The protic solvent 
used in step (i) may be selected from MeOH, EtOH, EPA, t-BuOH and the like. 

In an another preferred embodiment of the invention the non-polar solvent such as 
benzene, toluene, xylene and the like may be used in the step (ii). The acid 
catalyst such as p-TsOH, H 2 S0 4 , benzenesulphonic acid and the like may be used. 

15 The crystallization method employed for the isolation of the compound of 
formula-H consists of dissolving the crude compound of the formula II formed in 
single solvent like methanol, ethanol or isopropanol, or mixed solvent like IP A/ 
MeOH, IPA/DMF, MeOH/DMF, etc. The ratio of the combination may be 4-5 
: 1 - 3 , preferably 3-4:1-2. 

20 

The isolated intermediate of formula-II by the process of the present invention is 
found to be of very high purity (>99% by HPLC) with a melting point of 96-97°C. 
Further confirmation of the quality was checked by converting this intermediate to 
the required citalopram hydrobromide salt by known method (US patent 
25 no.4,136,193) without requiring any recrystallization process. It is interesting to 
note that the intermediate of formula-II has got good crystallization property 
leaving all the impurities in the solvent medium of crystallization. 

This simplification has led to the synthesis of this crucial intermediate of the 
30 formula II in a very simple and easy to adopt manner suitable for any commercial 
scale. Also, without any repeated recrystallization techniques, citalopram 
hydrobromide could be prepared. 
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The advantage of the invention is that the compound of the formula II can be 
prepared without isolating the intermediate of the formula I which enhances the 
yield of the compound of the formula II. Consequently when the process is 
employed for the preparation of citalopram further increases the yield of 
5 citalopram. 

The invention is described in detail in the Example given below which are 
provided only by way of illustration and therefore should not be construed to limit 
the scope of the invention further illustrated by the following example. 

10 

Example 1 
Preparation of citalopram. 

(a) Preparation of 4-bromo-(2-hydroxymethyl)-phenyl-(4 1 - 
1 5 fluoropheny l)methanol of formuIa-VIII. 

The Grignard solution prepared from 90gr of 4-fluorobromobenzene and 13gr 
magnesium turnings in 450ml of THF was added dropwise to a suspension of 5- 
bromophthalide (lOOgr) in THF (600ml) at -10 to 0°C under nitrogen atmosphere. 

20 After the addition was over the reaction mixture was stirred at same temperature 
for another 3hrs and treated with a slurry of sodium borohydride (25gr) in 300ml 
of PA keeping the temperature below 10°C. After maintaining for lhr at 10°C, 
reaction was quenched into dil hydrochloric acid (220ml cone HC1 in 1750ml 
water). After stirring the reaction mass for 30min, layers were separated. The 

25 aqueous layer was extracted with 3 x 100ml of toluene. Combined organic layer 
was washed with saturated sodium chloride (300ml) and dried over sodium 
sulfate. Solvents were removed under vacuum below 60°C to get the crude 
compound of the formula VIII (200gr). This compound is suitable for use in next 
stage of the process . 

30 

(b) Preparation of l-(4-fluorophenyl)-5-bromophthalan of formula-I using p- 
toluene sulfonic acid as catalyst. 

The crude oily compound of the formula VIII (200gr) obtained from step (a) 
35 above was dissolved in 1000ml of toluene. To this solution was added lOgr of p- 
toluene sulfuric acid and heated to reflux. Water formed in the reaction was 
removed using Dean-Stark apparatus. When the water formation was over, 
reaction mass was cooled to room temperature and 1000ml of water added. After 
stirring for 30min organic layer was separated and the aqueous layer extracted 
40 with 3 x 100ml of toluene. The combined organic layer was washed with 2 x 
250ml of 5% sodium carbonate solution. Finally the organic layer was washed 
with saturated sodium chloride. Toluene was removed under vacuum below 60°C 
to get the crude compound of the formula I (150gr) as an oil. 
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(c) Preparation of l-(4-fluorophenyl)-5-cyanophthalan of formula EL 

To a solution of the compound of the formula I (150gr) obtained in step (b) above 
in DMF (360) was added freshly prepared copper (I) cyanide (76gr). The resulting 
S suspension was slowly heated to reflux temperature and maintained at reflux for 4 
- 5hrs. After cooling the reaction mass to 40 - 50°C, aqueous ammonia (200ml, 
10% w/v) was added and stirred for 30min. After filtering off the insoluble salts, 
layers were separated. The organic layer was washed with 200ml of dil. ammonia 
(10% solution). Combined aq. layers were extracted with 100ml of toluene. 
10 Toluene layers were combined and the solvent distilled off under vacuum at 50 - 
60°C to give the crude cyano compound of the formula II (120gr) as a semisolid. 

(d) Purification of 1 -<4-fluorophenyl>5-cyanophthalan by reciystallization 
technique. 

15 

(i) Recrystallization from IPA. 

The crude compound of the formula II(50gr) obtained in step( c) above was 
dissolved in 200ml of IPA by heating to 60 - 70°C and treated with 5gr of 
20 charcoal. After filtration, cooling to 20 - 25°C, it was kept at this temperature for 
8 - 12hrs. Filtration of the solids and washing with 20 - 25ml of IPA gave light 
yellow crystalline solid (35gr) m.p. 96 - 97°C. Purity by HPLC is 98%. 

(e) Preparation of l-(3-Dimethy!aminopropyl)-l-(4-fluorophenyl)-5- 
25 cyanophthalan of formula EDL 

A solution of dimsyl sodium in DMSO was prepared by adding 22gr of 50% 
sodium hydride in parafin oil to DMSO (1000ml) at 20 - 25°C and slowly heating 
to 60 - 65°C under nitrogen. To this solution at 20 - 25°C was added a solution of 

30 l-(4-fluorophenyl)-5-cyanophthalari (lOOgr) in DMSO (200ml) slowly in2-3hrs. 
After maintaining for 15 - 20min, a solution of 3-dimethylaminopropylchloride 
(56gr) in toluene (120ml) was slowly added keeping the temperature between 25 - 
30°C. After the addition is over, reaction mixture was maintained at this 
temperature for 30min and decomposed by adding 50ml of methanol. The reaction 

35 mixture was poured into 3000ml of water and extracted with 1000ml of toluene. 
Aq. layer was again extracted with 500ml of toluene. The combined toluene layer 
was washed with water (500ml), followed by 2 x 1000ml of 20% aqueous acetic 
acid. The combined aqueous acetic acid layer was neutralized with aqueous 
ammonia (25%) to get the pH of 7 - 7.5. After the pH adjustment, 500ml of 

40 isopropyl ether was added and stirred for 15min. Isopropyl ether layer was 
separated and the aqueous layer extracted with 2 x 300ml of isopropyl ether. The 
combined isopropyl ether layer was treated with carbon (10gr) and filtered. The 
filtrate was distilled off under vacuum below 45°C to get the compound of the 
formula III as a light yellow solid (120gr). m.p. 95°C. Purity by HPLC is 99%. 

16 
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Example 2 
Preparation of citalopram. 

5 

(a) Preparation of 4-bromo-(2-hydroxymethyI)-phenyl-(4 1 - 
fluorophenyl)methanol of formula- VEGL 

10 

The Grignard solution prepared from 90gr of 4-fluorobromobenzene and 13gr 
magnesium turnings in 450ml of THF was added dropwise to a suspension of 5- 
bromophthalide (lOOgr) in THF (600ml) at -10 to 0°C under nitrogen atmosphere. 
After the addition was over die reaction mixture was stirred at same temperature 

15 for another 3hrs and treated with a slurry of sodium borohydride (25gr) in 100ml 
of methanol keeping the temperature below 0°C. After maintaining for lhr at 
10°C, reaction was quenched into dil hydrochloric acid (220ml cone HC1 in 
1750ml water). After stirring the reaction mass for 30min, layers were separated. 
The aqueous layer was extracted with 3 x 100ml of toluene. Combined organic 

20 layer was washed with saturated sodium chloride (300ml) and dried over sodium 
sulfate. Solvents were removed under vacuum below 60°C to get the crude 
compound of the formula VIII (200gr). This compound is suitable for use in next 
stage of the process. 

25 

(b) Preparation of l-(4-fluorophenyl)-5-bromophthalan of formula-l using 
benzenesulfonic acid as catalyst. 

30 The crude oily compound of the formula VIII (200gr) obtained from step (a) 
above was dissolved in 1000ml of toluene. To this solution was added lOgr of 
benzenesulfonic acid and heated to reflux. Water formed in the reaction was 
removed using Dean-Stark apparatus. When the water formation was over, 
reaction mass was cooled to room temperature and 1000ml of water added. After 

35 stirring for 30min organic layer was separated and the aqueous layer extracted 
with 3 x 100ml of toluene. The combined organic layer was washed with 2 x 
250ml of 5% sodium carbonate solution. Finally the organic layer was washed 
with saturated sodium chloride. Toluene was removed under vacuum below 60°C 
to get the crude compound of the formula I (150gr) as an oil. 

40 
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(c) Preparation of l-(4-fluorophenyl)-5-cyanophthalan of formula U 

To a solution of the compound of the formula I (150gr) obtained in step (b) above 
5 in DMAc (300ml) was added freshly prepared copper (I) cyanide (76gr). The 
resulting suspension was slowly heated to 150 - 160°C and maintained at that 
temperature for 4 - 5hrs. After cooling the reaction mass to 40 - 50°C, aqueous 
ammonia (200ml, 10% w/v) was added and stirred for 30min. After filtering off 
the insoluble salts, layers were separated. The organic layer was washed with 
10 200ml of dil. ammonia (10% solution). Combined aq. layers were extracted with 
100ml of toluene. Toluene layers were combined and the solvent distilled off 
under vacuum at 50 - 60°C to give the crude cyano compound of the formula II 
(120gr) as a semisolid. 

15 (d) Purification of l-(4-fluorophenyl)-5-cyanophthalan of the formula II by 
recrystallization technique. 

(i) Purification by recrystallization from methanol. 

20 The crude compound of the formula II (50gr) obtained in step ( c ) above was 
dissolved in 150ml of refluxing methanol and treated with 5gr of charcoal. After 
filtration of carbon, filtrate was cooled to 20 - 25°C and maintained for 8 - 12hrs. 
Filtration of the solid and washing the wet cake with 25ml of methanol gave 25gr 
of white crystalline solid. m.p. 97 - 98°C. purity by HPLC is 99%. 

25 

(e) Preparation of l-(3-Dimethylaminopropyl>l-(4-fluorophenyl)-5- 
cyanophthalan of formula HI. 

To a stirred suspension of 22gr of sodium hydride (50 - 55% in parafin oil) in 
30 1000ml of DMSO at 20 - 25°C was added a solution of l-(4-fluorophenyl)-5- 
cyanophthalan (lOOgr) in DMSO (200ml) slowly in 2 - 3hrs. After maintaining for 
15 - 20min, a solution of 3-dimethylaminopropylchloride (56gr) in toluene 
(120ml) was slowly added keeping the temperature between 25 - 30°C. After the 
addition is over, reaction mixture was maintained at this temperature for 30min 
35 and decomposed by adding 50ml of methanol. The reaction mixture was poured 
into 3000ml of water and extracted with 1000ml of toluene. Aq. layer was again 
extracted with 500ml of toluene. The combined toluene layer was washed with 
water (500ml), followed by 2 x 1000ml of 20% aqueous acetic acid. The 
combined aqueous acetic acid layer was neutralized with aqueous ammonia (25%) 
40 to get the pH of 7 - 7.5. After the pH adjustment, 500ml of isopropyl ether was 
added and stirred for 15min. Isopropyl ether layer was separated and the aqueous 
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layer extracted with 2 x 300ml of isopropyl ether. The combined isopropyl ether 
layer was treated with carbon (lOgr) and filtered. The filtrate was distilled off 
under vacuum below 45°C to get the compound of the formula in as a light yellow 
solid (118gr). m.p. 95°C Purity by HPLC is 99%. 

5 . 

Example 3 

Preparation of citalopram 

10 (a) Preparation of 4-bromo-(2-hydroxymethyl)-phenyI-(4 1 - 
fluorophenyl)methanol of formula- VIII. 

The Grignard solution prepared from 90gr of 4-fluorobromobenzene and 13gr 
magnesium turnings in 450ml of THF was added dropwise to a suspension of 5- 

15 bromophthalide (lOOgr) in THF (600ml) at -10 to 0°C under nitrogen atmosphere. 
After the addition was over the reaction mixture was stirred at same temperature 
for another 3hrs and treated with a slurry of sodium borohydride (25gr) in 200ml 
of ethanol keeping the temperature below 0°C. After maintaining for lhr at 10°C, 
reaction was quenched into dil hydrochloric acid (220ml cone HC1 in 1750ml 

20 water). After stirring the reaction mass for 30min, layers were separated. The 
aqueous layer was extracted with 3 x 100ml of toluene. Combined organic layer 
was washed with saturated sodium chloride (300ml) and dried over sodium 
sulfate. Solvents were removed under vacuum below 60°C to get the crude 
compound of the formula VHI (200gr). This compound is suitable for use in next 

25 stage of the process. 

(b) Preparation of l-(4-fluorophenyI)-5-bromophthalan of formula I using 
sulfuric acid as a catalyst 

30 The crude oily compound (200gr) obtained from Example 3 (a) was dissolved in 
1000ml of toluene and lOgr of cone, sulfuric acid was added to this solution. The 
reaction mixture was heated to reflux and water formed in the reaction was 
removed azeotropically. After completion of the reaction usual work up gave 
150gr of the compound of the formula II as an oil. 

35 

(c) Preparation of l-(4-fluorophenyl)-5-cyanophthaIan of formula II 

To a solution of the compound of the formula I (150gr) obtained in step (b) above 
in pyridine (150ml) was added freshly prepared copper (I) cyanide (76gr). The 
40 resulting suspension was slowly heated to reflux temperature and maintained at 
reflux for 4 - 5hrs. After cooling the reaction mass to 40 - 50°C, aqueous 
ammonia (200ml, 10% w/v) was added and stirred for 30min. After filtering off 
die insoluble salts, layers were separated. The organic layer was washed with 

19 



WO 02/066453 



TCT/IN02/00023 



200ml of dil. ammonia (10% solution). Combined aq. layers were extracted with 
100ml of toluene. Toluene layers were combined and the solvent distilled off 
under vacuum at 50 - 60°C to give the crude cyano compound of the formula II 
(120gr) as a semisolid. 

5 

(d) Purification of l-(4-fluorophenyl)-5-cyanophthalan of the formula II by 
recrystallization technique 

(i) Recrystallization from IPA-DMF. 

10 

The crude compound of the formula II (150gr) obtained in step (c) above was 
dissolved in 100ml of IPA-DMF (80 : 20) at 50 - 60°C and treated with 5gr of 
active charcoal. After filtration of the charcoal, filtrate was cooled to 10 - 15°C 
and maintained for 3 - 4hrs at this temperature. The solids formed were filtered 
15 and the wet cake washed with 20ml of IP A to get white crystalline solid. m.p. 97 - 
98°C. Purity by HPLC is 98.5%. 

(e) Preparation of l«(3-Dimethylaminopropyl)-l-(4-fluorophenyl)-5- 
cyanophthalan of formula m. 

20 

To a stirred solution of 59gr of potassium t-butoxide in DMSO (1000ml) at 20 - 
25°C was added a solution of l-(4-fluorophenyl)-5-cyanophthalan (lOOgr) in 
DMSO (200ml) slowly in 2 - 3hrs. After maintaining for 15 - 20min, a solution of 
3-dimethylaminopropylchloride (56gr) in toluene (120ml) was slowly added 

25 keeping the temperature between 25 - 30°C. After the addition is over, reaction 
mixture was maintained at this temperature for 30min and decomposed by adding 
50ml of methanol. The reaction mixture was poured into 3000ml of water and 
extracted with 1000ml of toluene. Aq. layer was again extracted with 500ml of 
toluene. The combined toluene layer was washed with water (500ml), followed by 

30 2 x 1000ml of 20% aqueous acetic acid. The combined aqueous acetic acid layer 
was neutralized with aqueous ammonia (25%) to get the pH of 7 - 7.5. After the 
pH adjustment, 500ml of isopropyl ether was added and stirred for 15min. 
Isopropyl ether layer was separated and the aqueous layer extracted with 2 x 
300ml of isopropyl ether. The combined isopropyl ether layer was treated with 

35 carbon (lOgr) and filtered. The filtrate was distilled off under vacuum below 45°C 
to get the compound of the formula III as a light yellow solid (lOOgr). m.p. 95°C. 
. Purity by HPLC is 99%. 

40 
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ADVANTAGES OF THE PRESENT INVENTION: 

1. Replacing lithium aluminium hydride with sodium borohydride is very much . 
5 cost effective and free of any hazardous nature. 

2. Simple crystallization method for the cyano compound of the Formula-H has 
avoided the high vacuum distillation of the corresponding bromo derivative of 
the Formula-I. 

10 

3. The resulting compound of the formula III is produced in high yield (88%) and 
of high purity (99%). 

4. The process is adaptable to any commercial scale and environmentally safe and 
15 economical. 
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We Claim: 

l.An improved process for the preparation of citalopram of the formula III 

/ s '0 




5 which comprises 

(i) preparing the compound of the formula VIII by reducing an unisolable 
magnesium salt of a benzophenone derivative of die formula V. 




10 



using sodium borohydride in the presence of a protic solvent 
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(ii) reacting the compound of the formula VIII obtained in step(i) with an acid 
catalyst in a non-polar solvent to obtain a compound of the formula I 

5 




(iii) reacting the compound of the formula I obtained in step (ii) with copper (I) 
cyanide in a polar solvent medium and isolating the resulting cyano compound, 
by re-crystallization by using polar and / or alcoholic solvents to obtain the 
compound of the formula II and 

10 

(iv) reacting the resulting compound of the formula II by conventional methods 
to form citalopram of the formula III 

2. A process as claimed in claim 1 wherein protic solvent such as MeOH, EtOH, 
15 IP A, t- BuOH, preferably methanol, is used in step (i). 

3. A process as claimed in claims 1 & 2 wherein non-polar solvent such as 
benzene, toluene, xylene, cyclohexane, preferably toluene, is used in step (ii). 

20 4. A process as claimed in claims 1 to 3 wherein the catalyst such as 
benzenesulfonic acid, p-toluenesulfonic acid, sulfuric acid, preferably p-TsOH, 
is used in step (iii). 

5. A process as claimed in claims 1 to 4 wherein the solvent used for 
25 recrystallization in step (ii) is selected from methanol, IP A, ethanol, with or 

without DMF, or a combination thereof. 

6. A process as claimed in claim 5 wherein the solvent used for reciystallization is 

a combination of IP A with DMF. 
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7. A process as claimed in claim 6 wherein the ratio of IPA & DMF used ranges 
from 5-6:1-3 preferably in the range 3-4:1-2. 

8. An improved process for the preparation of citalopram of the formula III 
substantially as herein described with reference to the Example 1 to 3. 



24 



INTERNATIONAL SEARCH REPORT 



1 



jMnatiorutftollcetion No 

PCT/lW^/00023 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C07D307/87 A61P25/24 



According to International Paieni qasslffcalion (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C07D 



Documentation searched oiher man minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DE 26 57 013 A (KEFALAS AS) 
28 July 1977 (1977-07-28) 
cited in the application 
cf. ex. 1,3 
the whole document 



1-8 



□ 



Further documents are listed In the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of died documents : 

•A' document defining the general state ol the art which is not 

considered to be of particular relevance 
*E* earlier document but published on or after the international 

filing date 

V document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

•<y document referring to an oral disclosure, use. exhibition or 
other means 

■P" document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the International filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step when the document is taken atone 

•V document of particular relevance; the claimed Invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious lo a person skilled 
in the art. 

document member of the same patent family 



Date of the actual comptetton of the international search 



15 May 2002 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patenllaan 2 

NL-2280HVFulswqk 

Tel (+31-70) 340-2040. Tx. 31 651 epo nl. 

Fax (+31-70)340-3016 



Date of mailing of the international search report 



23/05/2002 



Authorized officer 



Fritz, M 



Fofm PCT71SA/210 (socond sheet) (July 1992) 



iUT^IATIONAL SEARCH REPORT 

I at Ion on patent family members 




[lication No 

FCT/lTWE/00023 



Patent document 
cited in search report 



Publication 



Patent family 
member(s) 



Publication 
date 



DE 2657013 



28-07-1977 GB 


1526331 A 


27-09-1978 


AT 


360001 B 


10-12-1980 


AT 


571979 A 


15-05-1980 


AT 


360002 B 


10-12-1980 


AT 


572079 A 


15-05-1980 


AT 


359488 B 


10-11-1980 


AT 


947276 A 


15-04-1980 


AU 


509445 B2 


15-05-1980 


AU 


2107377 A 


13-07-1978 


BE 


850401 Al 


14-07-1977 


CA 


1094087 Al 


20-01-1981 


CH 


626886 A5 


15-12-1981 


CH 


632258 A5 


30-09-1982 


CH 


632259 A5 


30-09-1982 


DE 


2657013 Al 


28-07-1977 


DK 


13177 A ,B, 


15-07-1977 


ES 


454980 Al 


01-04-1978 


FI 


770073 A ,B, 


15-07-1977 


FR 


2338271 Al 


12-08-1977 


IE 


44055 Bl 


29-07-1981 


JP 


1368581 C 


11-03-1987 


JP 


52105162 A 


03-09-1977 


JP 


61035986 B 


15-08-1986 


NL 


7700244 A ,B> 


18-07-1977 


NO 


770109 A ,B, 


15-07-1977 


NZ 


183001 A 


02-06-1978 


SE 


429551 B 


12-09-1983 


SE 


7614201 A 


15-07-1977 


US 


4136193 A 


23-01-1979 


ZA 


7700057 A 


30-11-1977 



Foim PCT7ISA/210 (patent tamUy annex) (July 199Z > 



